ABSTRACT
Introduction
The liver's ability to regenerate itself has been known for thousands of years. Greek mythology tells of the punishment meted out to Prometheus. Because he discovered the secret of fire kept by the gods of Mount Olympus, he was punished by being chained to a rock, and each day an eagle fed off his liver, which regenerated itself during the night. Prometheus' punishment was thus never ending 1 . The liver's ability to regenerate itself in mammals is relatively unique. Only a few species, such as some worms, insects, reptiles and amphibians, can repair different parts of their bodies quickly through regeneration. In contrast, humans and large mammals exhibit limited regenerative ability. Some of the few organs and body parts that have an ability to regenerate to some extent include the liver, finger tips and peripheral nerves. Stem cells can provide a possible source of regenerative power. Among these types of reparative processes, liver regeneration stands out 2 . <0007D Liver regeneration is known to be a process involving highly organized and ordered tissue growth triggered by the loss of liver tissue. The process stops, for reasons that are unknown, when the liver volume is within 5 to 10% of its initial value. The same principles that govern liver regeneration following partial hepatectomy in rats apply to the growth response in a human liver transplanted to a new host. In this case a small transplant grows, but a large transplanted liver decreases in size. Thus, in each transplant, the optimal liver mass / body mass set point for the individual host is attained 3 . Hepatocytes are stable, highly differentiated cells of an epithelial nature that rarely divide. At any given time, about one in 20,000 hepatocytes is dividing, and each cell can divide once or twice at most. During liver regeneration, liver cells continue to perform crucial functions such as glucose regulation, synthesis of many blood proteins, secretion of bile and biodegration of toxic compounds required for homeostasis 2 . The kinetics of the regenerative response have already been well described in rats. DNA synthesis starts between 12 and 16 hours after partial hepatectomy and peaks between 24 and 26 hours. It is followed by a wave of mitoses, which starts between 22 and 24 hours after the partial hepatectomy and peaks between 32 and 34 hours. The regenerative process finishes within 7 to 14 days 1 . In recent years, a great deal of new information concerning the events that may initiate liver regeneration has become available. It is only following several decades of research that the regulatory factors that trigger and/ or modulate the phenomenon of liver regeneration are beginning to be understood. These factors can be divided into the following three categories: (1) mitogenic agents or growth-stimulating factors capable of inducing synthesis of DNA and mitoses in a population of hepatocytes at rest (G0 phase) in culture mediums free of sera and any other mitogenic factors; (2) comitogenic agents, which do not have mitogenic effects by themselves and stimulate proliferation indirectly, potentiating the effect of mitogenic agents and reducing the effect of inhibiting agents; (3) inhibiting factors that are capable of inhibiting induced mitogenesis in primary hepatocyte cultures. There are also other factors that have been partially characterized. 3 ss It is important that factors that accelerate liver regeneration be identified, as this reduces the period of liver insufficiency and thus makes larger resections and/or shorter recovery times possible. It is important to understand how and to what extent factors intrinsic to the patient's condition, such as hypothyroidism (subclinical or not), age and undernourishment, can influence regeneration and how mitogenic and comitogenic agents can be used to aid regeneration. Given that liver regeneration involves cell replication and intense metabolism, we believe that the thyroid gland is essential for this complex process to function properly. The thyroid synthesizes, stores and secretes T3 and T4. These hormones are responsible for increasing basal metabolism, heat production, blood flow and the supply of oxygen to and consumption of oxygen by tissues. They are also involved in other mechanisms associated with tissue response. Changes in T3 and T4 production are therefore probably directly related to failure of the processes involved in post-trauma and tissue-stress responses. Subclinical hypothyroidism is defined as the presence of biochemical evidence of thyroid-hormone deficiency in patients with little or no symptomatology of hypothyroidism. This condition is found in 26.4% of the elderly population according to Oliveira 4 . According to Schindler 5 the incidence of thyroid disease in a population of postmenopausal women is as follows: clinical thyroid disease, about 2.4%, subclinical thyroid disease, about 23.2%. Hypothyroidism is probably one of the factors that may cause a poor response in liver transplantation and major surgery. The aim of this study is to identify the relationship between hypothyroidism and the degree of liver regeneration in rats as there is disagreement on this subject in the literature. Beyer 6 reported that hypothyroidism induced in rats did not affect liver regeneration. However, studies carried out by Guerrieri et al 7 show important changes in regeneration in hypothyroid rats. Cervinková et al 8 reached the same conclusion in a study in which rats treated with propylthiouracil (PTU) to induce hypothyroidism had lower liver-regeneration rates.
Methods
This study was carried out in compliance with the guidelines of the Brazilian Society for Animal Experimentation (COBEA) and Federal Law 6638. Forty male Wistar rats (Rattus norvegicus albinus, Rodentia mammalia) divided into two groups were used. One group consisted of 20 euthyroid rats (control C), and the other 20 hypothyroid rats (H). All were approximately 140 days old and had an average weight of 380.36 ± 24.34 g. The animals were kept in an animal colony with a light/dark cycle at room temperature and humidity and had unlimited access to water and commercial feed. After intramuscular anesthesia with xylazine and ketamine (0.1 mg of each component per 100g of body weight), the animals from both groups were submitted to hair removal in the anterior cervical region and antisepsis with polyvinyl pyrrolidone-iodine. A longitudinal incision was then performed in the anterior cervical region, the median raphe opened and the trachea and thyroid identified. The thyroid was completely resected in Group H and left intact in Group C. Following a hemostasis check, the skin was joined with 5-0 nylon thread. For Group H, calcium was added to the drinking water to a final concentration of 2% for the remainder of the experiment 9 in order to avoid hypocalcemia. Thirty days after the first surgery, the two groups were given intramuscular anesthesia with xylazine and ketamine again and weighed. After removal of hair from the ventral abdominal wall and antisepsis with pyrrolidone-iodine, a median laparotomy and partial hepatectomy were carried out, and the left lateral and median lobes were resected. This hepatectomy is equivalent to sectioning approximately 67% of the volume of the organ 10 . After checking hemostasis, laparorrhaphy was carried out. The resected segment was weighed and the value recorded in the protocol. During the partial hepatectomy, three rats in the control group and one in Group H died, leaving 17 rats in Group C and 19 in Group H. During the postoperative period, the rats were kept under the conditions described above. When anesthetized again, they were weighed and submitted to relaparotomy; the first relaparotomy (after 24 h) was carried out on ten rats from Group H and nine from Group C, and the second (after seven days) was performed on nine rats from Group H and eight from Group C. The animals were killed. The resected parts were weighed and the results recorded in the protocol. The resected livers were then fixed in 10% buffered formalin and sent for histological examination. Slides were prepared with 4-micrometer-thick cuts. These were stained with hematoxylin-eosin to evaluate the mitotic figure count, and PCNA-positive nuclei count was evaluated by immunohistochemistry using anti-PCNA antibody. Regeneration was assessed using three methods: by KWON et al.'s formula 11 (1990) , by the average number of mitotic figures in ten microscopic fields and by the average of PCNA-positive nuclei in five fields using immunohistochemistry.
Kwon et al.'s formula gives the regeneration rate based on weight. % = D/E .100 where G = R/0.7
Where: D = liver weight per 100 g body weight on the day the animal was destroyed, E = the estimated liver weight per 100g of body weight before the hepatectomy and is calculated using the weight of the resected liver (R). G = estimated liver weight at the time of the hepatectomy.
Results
When evaluated using the KWON formula, liverregeneration rates in euthyroid rats and in hypothyroid rats were found to be different in the first 24 hours. At 24 hours the experimental group had an average liverregeneration rate of 50.42% compared with 58.36% in the control group (p=0.0165). After one week, the liverregeneration rate in the control group and that in the experimental group were similar (=0.2165) ( Table 1 and Figure 1 ). When regeneration was assessed according to the average number of mitotic figures in ten fields, Group C was found to contain 14 ± 1.5 mitotic figures and Group H 9.8 ± 2.2 mitotic figures in 100 hepatocytes (p=0,00016). After seven days Group C contained 5.4 ± 1.1 mitotic figures and Group H 5.1 ± 1.2 mitotic figures in 100 hepatocytes (p=0,6343). The PCNA-positive nuclei count in five fields at 24 hours was 13.55 ± 3.84 in Group C and 7.7 ± 2.11 in Group H; this difference was statistically significant (p=0,0006). After one week the corresponding figures were 3.5 ± 2.39 and 4.11 ± 1.90; this difference was not statistically significant (p>0.05) (Figure 2 ). 
Discussion
The influence of hypothyroidism in liver regeneration has been a controversial issue. Beyer 6 stated that, following five days of resection of approximately 70% of the liver volume in rats, the weight of the viscera was lower in animals with hypothyroidism but that the total content of hepatic DNA was similar in hypo and euthyroids. According to him, regeneration was practically normal. Meanwhile, Cervinková and Simek 8 reported inhibition of the DNA synthesis and mitotic activity. Poly(ADP-ribose) polymerase, a nuclear enzyme involved in DNA synthesis, in DNA repair, in cellular replication and transformation performs its role in the initial stages of liver regeneration induced by partial hepatectomy in rats. This activity is inhibited in rats with hypothyroidism. In the replication of hepatocytes , the thyroid hormone performs the regulating role of the poly(ADP-ribose) polymerase which reflects on the control of the nuclear protein involved in the DNA metabolism 12 . Maliekal et al 13 observed in rats a lower synthesis of DNA following hepatectomy under hypothyroidism, a situation that improved with the injection of T3. According to them, the thyroid hormone can influence the DNA synthesis during liver regeneration and the activity of enzymes such as thymidine kinase is regular, which is important for DNA synthesis and, therefore, the division of cells. Although triiodothyronine (T3) is considered mitogenic for hepatocytes, Kariv et al 14 did not observe this effect in vitro. They reported this fact in vivo and after liver resection. Their hypothesis was that the proliferation effect of the heptocytes seen with T3, should be indirect and induced by other cells in the liver that secreted mitogenic factors.
They described how in vitro stellate cells cultivated with T3 and IL.6 increase the secretion of the growth factor of the hepatocytes (HGF) after 48 hours. HGF is considered the most potent stimulator of the DNA synthesis in hepatocytes. It is produced by the Kupffer cells, Ito cells and the sinusoid endothelium, but not by the hepatocytes 15 . HGF has mitogenic and morphogenicaction in addition to anti-apoptotic 15, 16 . Moro et al 17 observed that in hypothyroid rats there is increased beta-1 transforming growth factor (TGF-â 1 ) (45%) and RNAm for the expression of the genes that negatively regulate hepatic growth (30%). Thus, liver regeneration could be damaged in hypothyroidism. Malik et al 18 reported that the administration of a single dose of T3 increased the regenerative capacity of the liver after hepatectomy and larger resections increased the survival rate of animals from 14% to 57%. In this study, hypothyroidism in rats caused regenerative deficiency in the initial stages, demonstrated by the greater gain in mass (p= 0,016), lower number of mitosis figures per 1000 hepatocytes and the lower number of PCNA positive cells for each field (p=0,0006). The results of this study show that hypothyroidism in rats causes a delay in early liver regeneration, i.e., regeneration in the first 24 hours. However, after one week the rate of regeneration in the hypothyroid rats increased and was equal to that of the euthyroid rats. There is controversy in the literature regarding this issue. The results of most of the studies that have been carried out are similar to those of the present study, although different methodologies were used. 
Conclusion
We conclude that hypothyroidism in rats influences liver regeneration and that early regeneration is delayed whereas late regeneration is unaffected.
